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The CAPTAIN Experiment

Began as a LANL LDRD project to make measurements of scientific

importance to Long-Baseline Neutrino Experiment

Evolved into a multi-institutional collaboration
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The CAPTAIN Detector
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o1 Liquid argon TPC detector
Portable and evacuable cryostat
7700 L, 5-ton instrumented liquid argon
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Rich physics programs to address LBNE

challenges

O

O

O

Low energy neutrino run (supernova neutrino, <50 MeV)
Medium energy neutrino run (neutrino oscillation, 1-10 GeV)
Neutron run — understand physics feasibility and study backgrounds

The list is not exclusive



Cross-section (10 cni?)

Supernova Neutrino (<50 MeV)

Supernova neutrino studies are great interests to both particle physics and
astrophysics

LBNE: 34 kton LarTPC would detect more than 3000 events from SN at
10kpc

It also enables mass hierarchy determination
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Supernova Neutrino (<50 MeV)

CAPTAIN:
Unique opportunity to measure V -argon cross sections in CC and NC channels
Flavor tagging and background reduction
Background studies (neutron run): cosmic ray muon induced spallation processes

The desire for such an experiment has been around for a decade, now we
have a detector available.

K. Scholberg PRD 73, 033005 (2006)
Y. Efremenko and W. Hix arxiv: 0807.2801



Stopped pion sources
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The Spallation Neutron Source (SNS) at ORNL

Along with its intense neutron beam (~1MWatt), SNS provides the
world’s most intense pulsed source of neutrinos.

Stopped pion inside the mercury target decay and produce neutrino
with a flux of ~2X107 ¥ /em?/s at 20 m from the spallation target.



Medium Energy Neutrino Run (1-10 GeV)
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Medium Energy Neutrino Run

Plots show the distance from the vertex to the endpoint of the longest track for
contained events

Contained event: particles, except muon/neutron, are contained in the detector
10% containment with the chosen size for CAPTAIN
10° neutrino interaction per 102° POT; anticipate 4 x102° POT /year

Expect 370,000 contained CC events/year during a NuMI medium energy run
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Neutron Run

Take neutron data at Los Alamos Neutron Science Center (LANSCE) WNR

Neutron spallation of the argon nucleus

A major background to supernova neutrino studies

Similar final state feature test the ability to detect supernova neutrino neutral-current

interaction
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appearance signal in long-baseline neutrino physics.
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Neutron Run

1 Undetected neutron in the neutrino interactions could lead poor
reconstruction on initial neutrino energy.

1 CAPTAIN will use neutron run to develop good understanding and
methodologies to constrain the neutron energy in neutrino interaction.

o1 This will then be applied to the neutrino data collected at on-axis NuMI run.

Engineering run: Oct/Nov 2013
LArTPC data taking: Sep-Dec 2014




Signal detection

3 detection planes (U, V, collection)
667 wires each plane, 3 mm space
~2000 readout channels

75 U m diameter CuBe wire

Frames are made of FR4 glass fiber
composite

Im maximum drift distance (vertical)

Electric field 500 V/cm
Drift velocity 1.6 mm/ (£ s

Same electronics as MicroBooNE




Laser system

o Quantel “Brilliant B” Nd-YAG laser
266nm (4.66 eV), 20 m)

Liquid argon atom ionization energy is about 14
eV, need 3 photons to produce an electron

1 Measure electron lifetime in situ

1 Measure drift electric field in presence of
cosmic (distortion of electric field is a
challenge to LBNE surface far detector)

o Study liquid argon ionization and electron
recombination (laser power, impurities,
electric field)

B. Rossi, et al. 2009 JINST 4 PO7011



We also have a mini-CAPTAIN

1 A prototype cryostat (1700 L) from D. Cline
and H. Wang(UCLA)

1 A same shape and smaller size TPC

71 Test purification system and establish
operational plan

o1 Test run for data acquisition and event
reconstructions

1 Test for laser calibration

7 Gain experience so we can focus more on

physics measurements for the full-size
CAPTAIN



Experiment Status

Assembly has began in August 2013

Commissioning and testing (laser and cosmic ray data analysis)

Mini-CAPTAIN late 2013
Full-size CAPTAIN, before summer 2014

Physics Programs
Neutron run beam test Nov. 201 3, liquid argon data taking after summer 2014
Supernova neutrino run Oak Ridge SNS, proposing beyond 2015

Medium energy neutrino run Fermilab NuMI on-axis, proposing beyond 2015

Muon data at TRIUMF in 20152



Summary

CAPTAIN is a liquid argon TPC experiment

Detectors are available soon (mini-CAPTAIN late 2013, CAPTAIN early 2014)

The whole system is transportable
The focus on physics and a variety of potential physics topics provides HEP
community a great place to analyze data and train students

Neutron run

Medium energy neutrino

Supernova neutrino

Tens of thesis topics
Numerous collaborating possibilities
Real work now begins

Contact: ( )
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Purification system
o

Sintered metal
filter used to
remove dust,

Barber Nichols
BNCO-32-000 liquid Argon
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Photon detection
9]

7 16 Hamamatsu R8520-500 PMT for light
detection

1 Photon detection could be used to trigger
non-beam events and to improve the
energy resolution

1 Serves as TOF for neutron run

1 CAPTAIN would also enable testing the
other types of wavelength shifter and PMT
for liquid argon detector




Photon Detection

o Liquid argon scintillation light 128 nm; need wavelength shifter to shift the
light to be visible.

1 Use tetraphenyl butadiene (TPB) as wavelength shifter
7 16 Hamamatsu R8520-500 PMT for light detection
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Laser Calibration System

Quantel “Brilliant B” Nd-YAG laser
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Laser in CAPTAIN and mini-CAPTAIN




NuMI energy

Medium Energy Tune
— T T T T T T T " T T T
® on-axis

| — 7 mrad off-axis e

— 14 mrad off-axis o® .
| —— 21 mrad off-axis e .

o0
(=)
|

D
=)
|

Vuu CCevents/kt/ 1E21 POT /0.2 GeV




Supernova neutrino
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Observability of oscillation features: example

Can we tell the difference between
normal and inverted mass hierarchies?

(1 second late time slice, flux from H. Duan w/collective effects)
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Differences, but no sharp features LAr shows
. . ] dramatic difference
Anecdotal’ evidence is good...

systematic surveys underway
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